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Abstract
Stimulated by the recent development of the \universal seesaw mass ma-
trix model", an application of the model to the neutrino mass matrix is in-
vestigated: For the charged lepton and down-quark sectors, the model ex-
plains the smallness of their masses mf by the conventional seesaw mecha-
nism Mf ’ mLM
−1
F mR (MF is a mass matrix of hypothetical heavy fermions
F ). On the other hand, the observed fact mt  L = O(mL) (electroweak
scale L = 174 GeV) seems to reject the applying of the seesaw mechanism
to the up-quark sector. However, recently, it has been found that, by tak-
ing detMF = 0 for the up-quark sector F = U , we can understand the
question of why only top quark has a mass of the order of L without the
sesaw-suppression factor O(mR)=O(MF ). For neutrino sector, the mass ma-




L (F = N), so that the masses m are
suppressed by a factor O(mL)=O(mR) compared with the conventional quark
and charged lepton masses. The model can naturally lead to a large mixing
sin2 2 ’ 1. Also another model is investigated within the framework of the
universal seesaw model: the model leads to three sets of the almost degenerate
two Majorana neutrinos which are large mixing states between the left-handed
neutrinos Li and SU(2)LSU(2)R singlet neutrinos N1i (i = e; ; ), so that
the model can give a simultaneous explanation of the atmospheric and solar
neutrino data.
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Recent progress of the non-accelerator and accelerator experiments has gloriously
accumulated knowledge of the masses and mixings of neutrinos. One of the most chal-
lenging problems in the particle physics is to give a unied understanding of quark and
lepton masses and mixings. Especially, the study of the neutrino mass matrix will give us
a valuable clue to the unied understanding of the quarks and leptons. Now, the study
of the unied mass matrix models is just timely.
As one of such the unied mass matrix models, the so-called \universal seesaw"
mass matrix model [1] has recently revived. The seesaw mechanism was rst proposed [2]
in order to answer the question of why neutrino masses are so invisibly small. Then, in
order to understand that the observed quark and lepton masses are considerably smaller
than the electroweak scale, the mechanism was applied to the quarks [1]: A would-be








where f = u; d; ; e are the conventional quarks and leptons, F = U;D;N;E are hypo-
thetical heavy fermions, and they belong to fL = (2; 1), fR = (1; 2), FL = (1; 1) and
FR = (1; 1) of SU(2)LSU(2)R. The matrices ZL, ZR and Yf are of the order one. The
matrices mL and mR take universal structures for quarks and leptons. Only the heavy
fermion matrix MF takes a structure dependent on f = u; d; ; e. For the case   1,
the mass matrix (1.1) leads to the well-known seesaw expression
Mf ’ −mLM
−1
F mR : (1:2)
However, the observation of the top quark of 1994 [3] aroused a question: Can the
observed fact mt ’ 180 GeV  L = O(mL) be accommodated to the universal seesaw
mass matrix scenario? Because mt  O(mL) means M
−1
F mR  O(1). For this question,
a recent study gives the answer \Yes": Yes, we can do [4,5] by putting an additional
constraint
detMF = 0 : (1:3)
on the up-quark sector (F = U). Then, we will easily be able to understand why only
top quark t acquires the mass mt  O(mL). In the next section, we will review the
mass generation scenario on the basis of the universal seesaw mass matrix model with
the constraint (1.3). Also, in the next section, a rough sketch of the neutrino mass
generation scenarios within the framework of the universal seesaw mass matrix model
is given. One (Model A) is a straightforward extension of (1.2), so that the neutrino
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mass matrix M is given by M ’ −mLM
−1
N mR. The smallness of the neutrino masses
m  mf (f = e; u; d) is explained by assuming    (  e = u = d), although
the assumption is somewhat articial. Another one (Model B) is a model without a new




















Therefore, the model B can explain the smallness of the neutrino masses without assuming
an additional scale parameter such as  in the model A. The third scenario (Model C)
is very attractive to the neutrino phenomenology, because the model can lead to three
sets of almost degenerate two Majorana neutrinos (the pseudo-Dirac neutrinos [6]). Every
model of these can naturally give a large mixing sin2 2 ’ 1.
In Sec. 3, we give a more explicit model of the universal seesaw mass matrix with
some special structures of mL, mR and MF . In Secs. 4, 5, and 6, the models A, B, and
C are discussed, respectively. Finally, Sec. 7 is devoted to the summary and concluding
remarks.
2. Energy scales and fermion masses
For convenience, we take the diagonal basis of the matrix MF . Then, the condition













1CCA ; (F 6= U) : (2:2)
Note that for the third up-quark the seesaw mechanism does not work (see Fig. 1).
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m(FL3; fR3)  R
m(fL3; RR3)  L
Fig. 1. Seesaw and non-seesaw masses
The mass generation at each energy scale is as follows. First, at the energy scale
 = S, the heavy fermions F , except for U3, acquire the masses of the order of S.
Second, at the energy scale  = R, the SU(2)R symmetry is broken, and the fermion uR3
generates a mass term of the order of R by pairing with UL3. Finally, at  = L, the
SU(2)L symmetry is broken, and the fermion uL3 generates a mass term of the order L
by pairing with UR3. The other fermions f acquire the well-known seesaw masses (1.2).
The scenario is summarized in Table 1.
Table 1. Fermion mass generation scenario
Energy scale d- & e-sectors u-sector (i = 1; 2) (i=3)
At  = S  m0 m(FL; FR)  S m(ULi; URi)  S m(UL3; UR3) = 0
At  = R  m0 m(fR; FL)  R m(uRi; ULi)  R m(uR3; UL3)  R








Thus, we can understand why only top quark t acquires the mass mt  O(mL). The
other quarks and charged leptons acquire masses suppressed by a factor = = R=S.
A suitable choice of the mass matrix parameters will be able to give reasonable quark
masses and Cabibbo-Kobayashi-Maskawa [7] (CKM) matrix parameters (for example, see
the next section).
Next, we discuss the neutrino mass generation. Within the framework of the uni-
versal seesaw mass matrix model, we will discuss the following three scenarios.
One (Scenario A) is a trivial extension of the present model: we introduce a further
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large energy scale S in addition to S, and we assume that MF  S (F = U;D;E),
while MN  S (

S  S). The mass matrix M for the conventional light neutrinos
(Dirac neutrinos) is given by
M ’ −mLM
−1
N mR : (2:3)
The Dirac neutrino masses mi are suppressed by a factor S=

S compared with the
charged lepton masses mei .
Another one (Scenario B) is more attractive because we does not introduce an
additional energy scale. The neutral heavy leptons are singlets of SU(2)LSU(2)R and
they do not have U(1)-charge. Therefore, it is likely that they acquire Majorana masses
MM together with the Dirac masses MD  MN at  = S. Then, the mass matrix M






















where  = R=L. In order to explain the smallness of m , the model [8,9] requires that
the scale R must be extremely larger than L. The details are discussed in Sec. 5.
On the other hand, the scenario A allows a case with a lower value of R. If we
consider   10, then we can expect abundant new physics eects as discussed in Ref.[10].
Therefore, although the model B is attractive from the theoretical point of view, the model
A is also attractive from the phenomenological point of view. The model B is discussed
in Sec. 4.
There is a model which is phenomenologically more attractive. In the present model,
there is no distinction between NL and NR, because both elds are SU(2)LSU(2)R
singles and do not have U(1) charges. Therefore, if L (R) acquire masses mL (mR)





with the partners N cL (N
c
R), where  
c denotes charge conjugate state C 
T
. In the limit
of m0L = mL and m
0
R = mR, we obtain six massless Majorana neutrino states: three are
states which consist of almost left-handed neutrino L, and the other are states which
consist of N1  (NL − N cR)=
p
2. A suitable choice of the dierences between m0L and
m0R and between m
0
R and mR can lead to three sets of almost degenerate two Majorana
neutrinos which are large mixing states between L and N1. The almost degenerate states
with a large mixing between L and N1 and those with a large mixing between Le and
N1e are favorable to the explanation of the observed data of the atmospheric [11] and solar
[12] neutrinos, respectively. However, in the model C, we must introduce a new parameter
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" which characterizes the dierences m0L −mL and m
0
R − mR by hand, dierently from
the model B. The details of the model C are discussed in Sec. 6.
These neutrino mass generation scenarios are roughly summarized in Table 2.
Table 2. Neutrino mass generation scenarios
Energy scale Scenario A Scenario B Scenario C
At  = S m(NL; NR)  

S
At  = S m(NL; NR)  S m(NL; NR)  S
m(NL; N
c





R)  S m(NR; N
c
R)  S




















3. Democratic seesaw mass matrix model
So far, we have not assumed explicit structures of the matrices ZL, ZR and Yf . Here,
in order to give a realistic numerical example, we put the following working hypotheses
[4]:
(i) The matrices ZL and ZR, which are universal for quarks and leptons, have the same
structure:
ZL = ZR  Z = diag(z1; z2; z3) ; (3:1)




3 = 1, where, for convenience, we have taken a basis on which the matrix
Z is diagonal.
(ii) The matrices Yf , which have structures dependent on the fermion sector f = u; d; ; e,
take a simple form [(unit matrix)+(a rank one matrix)]:
Yf = 1 + 3bfX : (3:2)










on the family-basis where the matrix Z is diagonal.
(iv) In order to x the parameters zi, we tentatively take be = 0 for the charged lepton

















from Me ’ mLM
−1
E mR = (=)m0Z  1  Z.
The mass spectra are essentially characterized by the parameter bf . The fermion
masses mfi versus bf are illustrated in Fig. 2. At bf = 0, the charged lepton masses have
been used as input values for the parameters zi. Note that at bf = −1=3, the third fermion
mass takes a maximal value, which is independent of =. Also note that at bf = −1=2
and bf = −1, two fermion masses degenerate.
Fig. 2. Masses mi (i =
1; 2;    ; 6) versus bf for the case
 = 10 and = = 0:02. The
solid and broken lines represent
the cases argbf = 0 and argbf =
18, respectively. The gure was
quoted from Ref. [13].
We take bu = −1=3 for up-quark sector, because, at bu = −1=3, we can obtain the
















independently of the value of =.
The value of = is determine from the observed ratio mc=mt as = = 0:0198.







for bd ’ −1, we seek for the best t point of bd = −eid (2d  1). The observed ratio
md=ms xes the value d as d = 18
. Then we can obtain the reasonable quark mass











mu = 0:000234 GeV; mc = 0:610 GeV; mt = 0:181 GeV;
md = 0:000475 GeV; ms = 0:0923 GeV; mb = 3:01 GeV:
(3:8)
Here, we have taken (m0=)q=(m0=)e = 3:02 in order to t the observed quark mass
values at  = mZ [14]











We also obtain the reasonable values of the CKM matrix parameters:
jVusj = 0:220 ; jVcbj = 0:0598 ;
jVubj = 0:00330 ; jVtdj = 0:0155 :
(3:10)
(The value of jVcbj is somewhat larger than the observed value. For the improvement of
the numerical value, see Ref. [13].)
4. Model A: a straightforward extension to the neutrinos
The most straightforward extension of the model to the neutrinos is to consider the
mass matrix of the neutrino sector is also given by (1.1), so that the mass matrix M for
the conventional light neutrinos is given by (2.3), i.e.,
M ’ −mLM
−1





 Z : (4:1)
The smallness of the neutrino masses m is given by assuming    (  e = u = d).
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Our interest is in a large mixing solution. As anticipated from Fig. 2, the large











































































































These cases are favorable to the large mixing picture suggested by the atmospheric
neutrino data [11]. However, it is hard to give the simultaneous explanation of the at-
mospheric and solar neutrino [12] data, because the case b ’ −1=2 (b ’ −1) can give
sin2 223 ’ 1 (sin


















2 − (mj )
2. We must seek for
another explanation for the solar neutrino data.
5. Model B: a model without any new scale parameters









T , where cL  (L)
c  CTL and so on, is given by
M =
0BBBBB@
0 0 0 mL
0 0 mTR 0





where MD (MN ) and MM are Dirac and Majorana mass matrices of the neutral heavy
fermions Ni. The heavy fermions Fi belong to (1; 1) of SU(2)LU(2)R. Besides, the
neutral heavy leptons Ni do not have the U(1)-charge. Therefore, it is likely that when
the Dirac masses (MD)ij are generated between NLi and NRj , the Majorana masses




Ri and NRj) with the same structure
at the same energy scale  = m0. Hereafter, we assume that
MM = MD MN  m0Y : (5:2)
Then, we obtain the following twelve Majorana neutrinos [9]: (i) three heavy Majorana
neutrinos with masses of the order of m0, whose mass matrix is approximately given by
Mheavy ’ 2MN = 2m0Y ; (5:3)
(ii) three sets of almost degenerate two Majorana neutrinos (the pseudo-Dirac neutrino































and (iii) three light Majorana neutrinos with masses of the order of (1=)m0, whose mass








ZY −1 Z : (5:5)
The neutrinos which are described by the mass matrix (5.5) consist of almost left-
handed neutrinos Li. Therefore, as far as the conventional light neutrinos are concerned,
the model B is identical with the model A by substituting 1= for = in the model A.
The numerical results have been given in Ref. [9] in detail. For example, for the case
b = −(1=2)ei ( = 0:12), we obtain
m1 = 0:00164 eV ; m

2 = 0:695 eV ; m

3 = 0:707 eV ; (5:6)
10
m232 = 0:016 eV
2 ; m221 = 0:483 eV
2 ; (5:7)




3U3) = 0:995 ; (5:8)
sin2 2LSND  4jUe1j
2jU1j
2 = 0:0191 ; (5:9)
hmi 
m1U2e1 +m2U2e2 +m3U2e3 = 0:00267 eV : (5:10)
L = m0 = 3:12 102 GeV ;
R = m0 = 1:90 1011 GeV ;
S = m0 = 3:20 1013 GeV :
(5:11)
Here, the numerical result (5.11) has been obtained from the input value m2atm 
m232 = 0:016 eV





m0 ’ 180 GeV (at  = mZ) ; (5:12)
and
(=)m0 = m +m +me = 1:850 GeV ; (at  = mZ) : (5:13)
The results (5.7) - (5.9) can successfully explain the atmospheric neutrino data [11] and
the neutrino oscillation ( ! e) experiment by the liquid scintillator neutrino detector
(LSND) [15] at Los Alamos. However, the model B fails to explain the solar neutrino
data straightforwardly, as well as the model A.
6. Model C: a model with light pseudo-Dirac neutrinos
In the present model, there is no distinction between NL and NR, because both elds
are SU(2)LSU(2)R singlets and do not have U(1) charges. Therefore, if L (R) acquire
masses mL (mR) together with the partners NR (NL), they may also acquire masses m
0
L








0 0 m0L mL
0 0 mTR m
0T
R













1 0 0 0










the 12 12 mass matrix (6.1) becomes



























where we have used MTD = MD.
In the NL $ N cR symmetric limit, i.e., in the limit of m
0
L = mL, m
0
R = mR and
MM = MD MN , the mass matrices for the neutrinos N1, N2 and R are given by
M(N1) = 0 ; (6:4)





N mR ; (6:6)














Furthermore, for the model with the relation mR / mL such as a model given in Sec. 3,
we obtain
M(L) = 0 : (6:8)
Only when we assume a sizable dierence between m0L and mL (and also between m
0
R
and mR), we can obtain visible neutrino masses m(L) 6= 0 and m(N1) 6= 0. A suitable
choice of the dierences m0L−mL and m
0
R−mR can lead to three sets of the pseudo-Dirac
neutrinos (psi+; 
ps





(Li N1i) ; (6:9)
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and whose masses are almost degenerate. The ps-Dirac neutrinos ps are favorable to
the explanation of the large mixing suggested from the atmospheric neutrino date [11]
and the ps-Dirac neutrinos pse are favorable to that of the large-angle solution of the
Mikheyev-Smirnov-Wolfenstein (MSW) solutions [16] for the solar neutrino data [12]. (A
suitable choice can also give that the lightest two neutrino states are favorable to the
small-angle solution of the MSW solutions.) The numerical results from the model C will
be given elsewhere in the collaboration with Fusaoka [17].
If the scenario C is true, we will not able to observe a large-angle mixing in appear-
ance experiments such as  !  oscillation experiments by CHORUS [18] and NOMAD
[19]. The large-angle mixing will be observed only in the disappearance experiments,
because the mixing partners of  and e are SU(2)LSU(2)R singlet neutrinos N1 and
N1e, respectively.
However, for example, when we take m0L = (1− "L)mL and m
0
R = (1− "R)mR [" =
diag("1; "2; "3)], the these " are must be of the order of 10
−11. Where such the scale of
"  10−11 comes from is open question in the scenario C.
7. Concluding remarks
In conclusion, we have discussed possible three neutrino-mass-generation scenarios
within the framework of the universal seesaw mechanism, especially, on the basis of the
\democratic seesaw mass matrix model", which can answer the question why only top
quark t acquires the mass of the order of the electroweak scale L = O(mL), and can give
reasonable quark masses and mixings in terms of the charged lepton masses.
The scenario A is a trivial extension of the model for quarks, and it is not so
attractive, because the smallness of the neutrino masses is explained by introducing an
additional energy scale parameter S (







S), by hand. In
contrast with the scenario A, the scenario B is a model without a new energy scale
such as S. The smallness of the neutrino masses is explained by the suppression factor
1=  R=S. The choice of the parameter value b ’ −1=2 can give reasonable values
of m2atm = m
2
32  10
−2 eV2 and sin2 223 ’ 1, but it fails to explain the solar neutrino
data.
The scenario C is the most attractive model from the phenomenological point of
view. The model leads to three sets of the pseudo-Dirac neutrinos (psi+; 
ps
i−) (i = e; ; ),
which are large mixing states between Li and N1i  (NLi −N cRi)=
p
2. If the scenario C
is true, we will not be able to observe a large-angle mixing in the appearance oscillation
experiments such as  !  oscillation experiments by CHORUS and NOMAD. The
large-angle mixing will be observed only in the disappearance experiments, because the
mixing partners of  and e are SU(2)LSU(2)R singlet neutrinos N1 and N1e, respec-
tively. However, in the scenario C, the smallness of the neutrino masses must be explained
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by a small breaking of the NL $ N cR symmetry, by hand. This is our future task.
At present, it seems to be hard to explain all of the neutrino data within the frame-
work of the conventional light three family neutrinos. Since the scenario C leads to three
sets of the light ps-Dirac neutrinos (i.e., six almost massless neutrinos), the model can give
us abundant phenomenological predictions. It will be worth while studying the scenario
C furthermore from the phenomenological point of view as well as from the theoretical
point of view.
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